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ABS~rRACT 
In this paper we report the dislocation con- 
figurations in L12 ordered alloys and in alloys 
containing L12 ordered precipitates. The alloy 
system Cu-Ni-Zn was chosen because, in the 
ordered alloy Cu2NiZn, two structures (L l o 
and L12) are possible and these influence the 
mechanical behaviour. A rather random distri- 
bution of superlattice dislocations and super- 
lattice dislocation dipoles is observed in the 
L12 ordered system, whereas planar disloca- 
tion arrays such as pile-ups and multipoles are 
present in the disordered alloy. Configurations 
of superdislocation dipoles and of superlattice 
dislocations on {111 } were calculated and 
compared with transmission electron micros- 
copy observations. Superlattice dislocation 
configurations on {111} and {100} planes 
were observed in nickel-base superalloys con- 
taining L12 ordered precipitates. 
1. INTRODUCTION 
The problem of understanding the dislo- 
cation microstructure in ordered alloys has 
a long history. The dislocation concept intro- 
duces problems as applied to intermetallic 
compounds, because a unit dislocation attempt- 
ing to glide through an ordered lattice should 
experience a large resistance due to the cre- 
ation of disorder across the glide plane be- 
hind the gliding dislocation, which was in 
contrast with experimental observations. 
Koehler and Seitz [1] argued that the large 
resistance might be ruled out ff dislocations 
in ordered alloys were to be paired such that 
the order destroyed by the leading dislocation 
would be immediately restored by the trailing 
dislocation. Dehlinger and Graf [2] pointed 
out that, since nucleation of order should 
occur randomly within a grain, narrow regions 
of disorder would remain after impingement 
of ordered regions which were "out of step" 
with one another (the so-called antiphase 
boundaries (APBs)). 
Using transmission electron microscopy 
(TEM), Ogawa et al. [3] revealed APBs for 
the first time, whereas the paired dislocation, 
i.e. the superlattice dislocation, was first 
imaged by Marcinkowski et al. [4]. Detailed 
interpretations of such micrographs were 
greatly facilitated by the development of
the theory of dynamic electron diffraction. 
It has been observed that the formation of 
long-range order in alloys results in a marked 
change in their mechanical properties. For 
instance, some L12 ordered alloys (e.g. Ni 3 A1) 
exhibit an increase in flow stress with increas- 
ing deformation temperature, whereas their 
disordered configurations show a substantial 
decrease in flow stress. In this paper we report 
the dislocation configurations in L12 ordered 
alloys (Cu2NiZn) and in alloys containing L12 
ordered precipitates (nickel-base superalloys). 
Configurations ofsuperlattice dislocations and 
superlattice dislocation dipoles were calculated 
and compared with TEM observations. 
2. MATERIALS  
2.1. L12 ordered alloy 
Physical properties of Cu-Ni-Zn alloys 
with a composition i the neighbourhood f 
Cu2NiZn exhibit an anomalous behaviour 
(for a review see ref. 5). Recently, we deter- 
mined the long-range zinc ordering S" in 
Cu2NiZn as a function of the annealing tem- 
perature by single-crystal neutron diffraction 
[6]. The long-range order parameter 8" is 
0025-5416/86/$3.50 © Elsevier Sequoia/Printed in The Netherlands 
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obtained by taking the measured intensities 
of the superreflections relative to the corre- 
sponding intensities of the fundamental reflec- 
tions and averaging over equivalent reflections 
[ 7]. From the single-crystal neutron diffrac- 
tion study we concluded that, below the first 
critical temperature T~ of about 774 K, a 
modified L12 structure xists, in which zinc 
atoms occupy one of the four interpenetrating 
single cubic sublattices while copper and 
nickel are still randomly distributed over the 
remaining three sublattices. Below a second 
critical temperature Tc2 of about 598 K, a 
modified Llo structure xists, in which the 
copper and nickel atoms each occupy their 
own sublattice (S' = 1). Single crystals of 
Cu2NiZn were grown by the strain anneal 
method, which produced small but very good 
crystals with respect to homogeneity. 
2.2. Nickel-base superalloy containing L12 
ordered precipitates 
The chemical composition of the nickel- 
base superalloy is 14.92 wt.% Cr, 16.62 wt.% 
Co, 4.95 wt.% Mo, 3.70 wt.% A1, 3.54 wt.% Ti, 
0.024 wt.% C, 0.023 wt.% B, 55.99 wt.% Ni 
and 0.24 wt.% of other elements. The argon- 
atomized powders are hot isostatically pressed 
at 1130 °C and 1 kbar for 6 h. After spark 
erosion the specimens were given the follow- 
ing heat treatment: 4 h at 1110 °C followed 
by an oil quench; 24 h at 650°C followed by 
an air quench; 8h at 760 °C followed by an air 
quench. The grain size in the hot isostatically 
pressed condition is 10-20 pm. The matrix is 
hardened by 48 vol.% 7' L12 ordered precipi- 
tates, which can be divided into three groups: 
(a) cuboids with an edge length of 1-4 pro, 
along the grain boundaries and groups of eight 
in the matrix; (b) cuboids with an edge length 
of 100-200 rim; (c) spherical particles with a 
diameter of 50-60 nm. 
3. SUPERLATTICE DISLOCATIONS AND SUPER- 
LATTICE DISLOCATION DIPOLES IN L12 
ORDERED STRUCTURES 
3.1. Configurations of superlattice disloca- 
tions and superlattice dislocation dipoles 
Glide of a unit dislocation with a Burgers 
vector ~(110) in an L12 ordered structure 
results in the production of an APB in its 
wake. A second islocation, having the same 
Burgers vector, gliding in the same slip plane 
will cancel the APB produced by the first 
dislocation. This configuration is shown 
schematically in Fig. l(a). It is well known 
that in f.c.c, materials a unit dislocation can 
split into two Shockley partials with Burgers 
vectors of the type ](211) separated by a 
stacking fault. The splitting may also occur 
in the L12 ordered structure (see Fig, l(b)). 
A third dissociation scheme of a superlattice 
dislocation is shown in Fig. l(c), where a 
superlattice intrinsic stacking fault is bounded 
by two superlattice Shockley partials, having 
a Burgers vector of the type ½(211). This 
dissociation scheme is expected to occur only 
in ordered structures with a very large APB 
energy and a relatively low superlattice intrin- 
sic stacking fault energy. Each superlattice 
Shockley partial might split into three ordinary 
Shockley partials eparated by a complex 
stacking fault and an APB as illustrated in 
Fig. l(d). However, the very high APB energy 
(at least a hundred times larger than the super- 
lattice intrinsic stacking fault energy), which is 
necessary tomake the dissociation i Fig. l(d) 
more favourable than those in Figs. l(a) and 
l(b) [8], results in a self-energy of the sixfold 
dissociation larger than the self-energy of the 
twofold dissociation i Fig. l(c). Hence, the 
existence of dissociation as in Fig. l(d) is very 
unlikely [8, 9]. 
½ oo~lTo] 2 
( !11)  • APB 
, . i~ l / I / / / / / / / / / / / / / / / / Idk~ 
(a) 1 2 
½- 
~. l - t / . ,  APB t CSFe  
(b) 1 2 3 4 
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(c) 
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Fig. 1. Possible dissociation schemes of a superlattice 
dislocation on the (111) plane in the L12 structure 
(CSF, complex stacking fault; APB, antiphase bour/d- 
ary ; SISF, superlattice intrinsic stacking fault). 
Since the critical temperature for ordering 
of the alloy Cu2NiZn is not high, it can be 
expected that its APB energy is not large and 
hence the dissociation scheme according to 
Fig. l (b) is assumed to occur. This is in con- 
trast with L12 ordered NisA1 which shows a 
high critical temperature for ordering and 
consequently a high APB energy. Whether the 
dissociation scheme in Figs. l(a) and l (b) or 
that in Fig. l (c) occurs is dependent on the 
relative values of the APB energy and the 
superlattice intrinsic stacking fault energy. 
When two superlattice dislocations of 
opposite signs gliding on parallel slip planes 
come close to each other, they can form a 
so-called superlattice dislocation dipole. The 
activation of two Frank-Read sources on 
parallel planes may result in the formation of 
unit dislocation dipoles or multipoles in f.c.c. 
metals and disordered solid solutions. Similarly, 
two Frank-Read sources in an ordered alloy 
may lead to the formation of superlattice 
dislocation dipoles. However, they can also 
be formed at a sessile superjog on a moving 
superlattice dislocation as illustrated in Fig. 2. 
The sessile superjog cannot glide in a conser- 
vative way as the glissfle superlattice disloca- 
tion does under an applied stress. Therefore, 
superlattice dislocation dipoles are left in the 
wake of moving superlattice dislocations con- 
raining superjogs. These superjogs are of the 
type discussed by Vidoz and Brown [23] 
which can develop tubular APBs. 
3.2. Theoretical considerations about the 
separation of  the Shockley partials 
The total energy for each dissociation in 
Fig. I can be calculated in order to see which 
is the most favourable in the ordered L12 
structure. Suzuki et al. [9] compared the dis- 
sociation in Fig. l(a) with that in Fig. 1(c) 
using the isotropic elasticity theory, taking 
into account he fault energies, the self- 
energies and the interaction energies of the 
dislocations. The following criteria for the 
total energy of both dislocation schemes, E a 
and E e respectively, can be derived: 
EAp________~B 1.9 d--~  E~ ~ E c (1) 
ESISF b 
for a screw superlattice dislocation and 
0) EAp------~'B ~ 1.1 ~ E.  N E~ (2) ESISF 
super jog 
(a) 
APB on pr imary  s l ip  p lane  
APB on secondary  s l ip  p lane  
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Fig. 2. Jog mechanism of the superlattice dislocation 
dipole formation: (a) superlattice dislocation contain- 
ing a super jog in the unstressed state; (b) bowing-out 
of the glissile parts under the applied stress; (c) situa- 
tion (b) observed by TEM. 
for an edge superlattice dislocation, where d s 
is the separation of the two unit dislocations 
(constituting a screw superlattice dislocation 
for the scheme described in Fig. 1), d e is the 
corresponding separation in an edge super- 
lattice dislocation and b is the Burgers vector 
of the unit dislocation. 
Theoretical values for EApB in Cu2NiZn of 
about 80 mJ m -2 and for ds and d e of 5.1 nm 
and 9.6 nm respectively have been calculated 
by de Groot et al. [10]. The stacking fault 
energy is 35 mJ m -2 [11] and the lattice 
parameter is equal to 0 3634 nm. Substituting 
these values in eqns. (1) and (2) results in an 
energy for the dissociation scheme in Fig. l(a) 
which is less than for the scheme in Fig. 1(c) 
for both the screw and the edge superlattice 
dislocation. Hence, the dissociation scheme in 
Fig. 1(c) is not expected to occur in Cu2NiZn. 
To distinguish between the twofold disso- 
ciation (the scheme in Fig. l(a)) and the four- 
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fold dissociation (the scheme in Fig. l(b)) of 
the superlattice dislocation, anisotropic ela~ 
ticity theory is used to calculate the total 
energy of both configurations (E~ and E b 
respectively): 
Ea=Co{ln(R) +ln(R)}  +Elr 
where e~ is a cut-off parameter and 2R is the 
diameter of a crystal containing one super- 
lattice dislocation. The separation r of both 
unit dislocations i obtained by minimizing 
E~ in eqn. (3) with respect o r. In a similar 
way, E b Can be written as 
(3) 
Eb= 2A0{ ln(R)+ ln(r _ -~1)}+ 
+ 2B°Iln(R~t \rl/ +ln( r - - -~)}+ 
+ E l ( r -  2rl) + 2(7 + E2)rl (4) 
where E1 and E2 are the APB energies outside 
and inside the stacking fault region respectively 
and 7 is the stacking fault energy. The separa- 
tions of the Shockley partials are obtained by 
minimizing Eb in eqn. (4) with respect o 
r -- r I a~d r 1 . 
The separation of the Shockley partials 
(r, rl ) transforms to that in Fig. l(a) by taking 
rl = 0. The coefficients Ao , Bo and Co are 
combinations of the energy factor and depend 
on the angle 0 between the total Burgers vec- 
tor and the dislocation line direction. Half the 
average separation between the superlattice 
dislocations can be substituted for the para- 
meter R in eqns. (3) and (4). Using an EAPB in 
the range 50-100 mJ m -2, E a and Eb can be 
calculated for various values of R. It appears 
that the twofold dissociation of a screw super- 
lattice dislocation requires less energy than the 
fourfold dissociation, whereas the opposite is 
valid for an edge superlattice dislocation. 
This statement holds for a whole range of 
R values (0.1-1 pm) and fore~ = b and e b = bp 
where b represents he Burgers vector of a 
unit dislocation and b, the Burgers vector of 
a Shockley partial. However, the dissociation 
scheme is very sensitive to the chosen values 
for the cut-off parameters ea and %. When 
e~ = eb ~ bp, the fourfold dissociation is
energetically more favourable than the two- 
fold dissociation both for a screw and for an 
edge superlattice dislocation. Hence, it is rather 
difficult o predict he dissociation scheme for 
a superlattice dislocation in Cu2NiZn a priori. 
As already discussed in Section 3.1, a super- 
lattice dislocation dipole consists of two super- 
lattice dislocations of opposite signs on parallel 
glide planes. For simplicity we ignore the 
possible splitting of each unit dislocation into 
two Shockley partials eparated by a complex 
stacking fault and hence the superlattice 
dislocation dipole can be characterized as
illustrated in Fig. 3. In equilibrium the net 
force on each dislocation is equal to zero. 
Hence, for dislocation 1, 
/2b 2 ~ 1 x 0 
F1 - ~- - - -+  + 
2~ x l  X0 2 Jr y0 2 
4 ~ x0 +x l  
+E l  (5) 
(X 0 -}- Xl) 2 -}- y0 2 ) 
and, for dislocation 2, 
/~b2 {~ Xo+Xl ~_ 
F2 =-~-  +(Xo "~Xl) 2 -}-yo 2 
} + -- E1 -- rxz b (6) 
X0 2 + y0 2 
where rxz is a shear stress in the glide planes. 
Elimination of the term rxz b in eqns. (5) and 
(6) results in a relation between Xo and xl for 
fixed values of Y0 and E 1 . This relation is 
plotted for several Yo values in Fig. 4, taking 
E 1 = 40 mJ m -2. Each point on each curve 
corresponds to a different rx~ value, which 
can be evaluated using eqn. (5) or eqn. (6). 
To calculate the separations of the disloca- 
tions in the unstressed state, Txz must equal 
zero. From eqns. (5) and (6) it follows that 
this can be true only if x0 = 0. This means 
that the two screw superlattice dislocations 








Fig. 3. Schematic llustration of the parameters char- 
acterizing a superlattice dislocation d ipo le .  
xllnm] 
/ ! 
,' ~y,,=5 i 
i 
15 / \,, 
/ " v=lO 





5 - ~T, , , , , . r  
- 2s  5'0 ---~x=lnrn] 
Fig. 4. The  re ]at ion  between the parameters  character-  
i z ing  the configuration of a screw superlattice disloca- 
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Fig. 6. Separation of the unit dislocation A as a func- 
tion of the character 0 of the dislocations in a 
Cu2NiZn single crystal annealed for 164 h at 623 K, 
subsequently deformed to a strain of 13% and then 
(a) not annealed (curve A, EAp B = 80 mJ m-2; curve 
B, EAp B = 114 mJm-2), (b) annealed for 75rain at 
623 K (curve A, EAp B = 59 mJm-2; curve B, EAp B = 
117 mJ m-2): - - ,  results according to the aniso- 
tropic linear elasticity theory. 
Fig. 5. Weak beam image of a superlattice dislocation 
dipole (at A) and two superlattice dislocations in a 
Cu2NiZn single crystal annealed at 623 K for 164 h, 
deformed 13% in compression and annealed at 623 K 
for 75 rain (the projection plane is the slip plane (111); 
b = 12[011];g= [O~,2];Sg = + 0.23 nm-l) .  
the larger xl  will be, reaching asymptotically 
the configuration of two isolated superlattice 
dislocations. 
3.3. Experimental observations 
The superlattice dislocations are imaged 
in a dark field using the weak beam tech- 
nique [ 12]. Identification of the slip plane is 
performed by observing the dislocation spac- 
ing on tilting the foil. Figure 5 shows a weak 
beam image of a superlattice dislocation dipole 
at A and two superlattice dislocations in a 
Cu2NiZn single crystal. In order to determine 
the parameters characterizing the configura- 
tion of a superlattice dislocation dipole 
(Fig. 4), a few dipoles have been imaged in 
different projections to reconstruct the three- 
dimensional configuration. The observed 
separation of the imaged dislocation lines was 
obtained from a microdensitometer scan 
perpendicular to the dislocation line direc- 
tion. The separation of the unit dislocations 
as a function of the character of the disloca- 
tions is depicted in Fig. 6 for the Cu2NiZn 
alloy which has been annealed for 164 h at 
623 K to obtain the L12 structure with a 
long-range order parameter S" close to unity. 
The full curves in Fig. 6 are computed using 
anisotropic elasticity theory. An APB energy 
of 97 + 17 mJ m -2 can be obtained for the 
unaged sample. This experimentally deter- 
mined APB value agrees with the value of 
85 mJ m -2 which can be computed from the 
ordering energies obtained from cohesive 
energy calculations [13]. Aging the sample 
after deformation results in a slight decrease 
in the APB energy and a substantial increase 
520 
in the scatter of the observed separations. 
These features can be explained by the on- 
going transformation of the discontinuous 
shear APB into the diffuse APB under thermal 
equilibrium, as described by Brown [14]. 
The parameters characterizing the con- 
figuration of the superlattice dislocation 
dipoles observed in Cu2NiZn, as illustrated 
in Fig. 4, are compiled in Table 1. As can be 
concluded, there is only one configuration 
with x0 --- 0 and thus with a zero net force in 
the slip plane on the superlattice dislocation 
dipole. However, the APB energy obtained 
from the corresponding xl (and Yo ) values is 
rather small, z.e. about 33 mJ rrr 2. APB energies 
deduced from eqns. (5) and (6) using values 
for the parameters quoted in Table 1 are in 
the range from 20 to 35 mJ m -2, which is much 
smaller than the value of the APB energy 
determined from the separation of the unit 
dislocations in a superlattice dislocation. Only 
one superlattice dislocation dipole (0 = 15 °) 
resulted in a reasonable value for the APB 
energy, which yielded 96 mJ m -2. 
Internal shear stresses rxz deduced from 
eqns. (5) and (6) range from 10 to 200 MPa. 
The latter is very high, bearing in mind that 
the critical resolved shear stress for Cu2NiZn 
is about 40 MPa and that stress fields of super- 
lattice dislocation dipoles are only important 
at short distances (the net Burgers vector is 
zero). Hence the values of the APB energy 
and internal stresses determined from the con- 
figuration of superlattice dislocation dipoles 
in Cu2NiZn are not very reliable. 
So far, we have considered superlattice 
dislocations in a completely L12 ordered 
structure. According to Fisher [15], the work 
required to move a unit dislocation is 
rb = E~ -- E i (7) 
where r is the shear stress, and Ef is the final 
andE i the initial energy per unit slip plane area 
due to bonding across the slip plane. For the 
L12 structure of Cu2NiZn, eqn. (7) becomes 
Tb- -  - -  
i{i 
2ao231/2 - -  ~ (S "2 - -  9~CuNi)WCuNi -b 
-}- (8 "2 -}- 30/CuZn)WCuZn "{- 
1 } 
-~ ~ (S "2 ~- 30LNiZn)WNiZn (8) 
where ~u represents the Cowley short-range 
order parameter, W u the ordering energy and 
ao the lattice parameter. Usually it is assumed 
that the short, range order correlation across 
the slip plane is destroyed after the passage 
of one dislocation [ 16]. Consequently, for 
Cu2NiZn quenched from above the critical 
temperature for ordering (S" = 0) and there- 
fore containing only ~u values, it would be 
expected that the short, range order is de- 
stroyed after the passage of a single disloca- 
tion. However, we observed that the short~ 
range order is destroyed after the passage of 
about seven superlattice dislocations as is 
shown in Fig. 7. The sequential dislocation 
pairing with increasing pair spacing can be 
ascribed to shear induced oscillations in short 
range order [24]. 
With respect o the dislocation reaction in 
the nickel-base superalloy containing L12 
ordered precipitates, three modes of defor- 
mation are to be expected: as well as the 
glide o f ½ < 110 > single dislo cations in the dis- 
ordered matrix, the localized shearing on 
TABLE 1 
Parameter characterizing the configuration of a superlattice dislocation dipole 
b 0 (deg) S l ipp lane  x 0 (nm) x 1 (nm) Y0 (nm) T (K) 
~[01I]  36 (i11) 7 22 22 623 
~[01I]  10 (111) 8 20 25 623 
2 10 6 623 
~[011] 15 (111) 19 5 1 623 
~[110] 60 ( l l i )  0 11 19 623 
~[1i0]  67 ( l l i )  15 13 15 623 
~[01I]  44 (111) 28 21 39 763 
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Fig. 7. Weak beam dark field image of a pile-up in 
polycrystall ine Cu2NiZn quenched from 835 K and 
deformed 5% in tension (projection plane, (111); 
b = 12a0[10i];g = [022];Sg = 0.10 nm- i ) .  
0.25pm 
i? o ~,) 
\ 
" O~ 5,Ohm 
Fig. 9.13(112) superlattice dislocation (~ = 10 -6 s - l ;  
Aep : 10 -4 at 1003 K). 
Fig. 8. Dark field, weak beam image of a superlattice 
screw dislocation (e = 10 -2 s - l ;  Aep = 10 -4 at 
1003 K) in a nickel-base superalloy. 
{ 111 } planes caused by ½ < 112 > super Shockley 
partials (Fig. l(c)) and the cutting of 7' pre- 
cipitates by pairs of ½(110> super unit disloca- 
tions (Fig. l(a)). Figure 8 shows a large 7' 
particle containing ½<110) super pairs. The 
super partials ½(112) form the more dominant 
mode of deformation while occasionally in a 
large 7' a 5(110) superdislocation pair was 
found (Fig. 9). At high temperatures, thermal 
vacancies facilitate ½(ll2)-type shear of 7' 
precipitates. The vacancies provide a geo- 
metrically necessary dipole displacement a
the core of each ½(112) super partial. Conse- 
quently, the 7' particles can be sheared with- 
out dislocation constrictions at the ~f'-matrix 
interface [ 17 ]. The ½ (110) superdislocations 
are possible when the ordering energy is suf- 
Fig. 10. Dark field, weak beam image of a 12<110) 
superlattice dislocation (~ = 5 × 10 -5 s -1 ; low cycle 
fatigue testing at 1003 K; Aep = 3 x 10-4). 
ficiently low, thus at higher temperatures 
keeping the strain rate high. At high tempera- 
tures the effective APB energy is decreased 
because of interactions with thermal vacancies. 
As a result the paired ½(110) dislocations can 
be resolved separately by TEM (Fig. 8). 
Occasionally, at high temperatures the super 
pairs show up in typical N-shaped configura- 
tions (Fig. 10). Detailed investigation, using 
extinction criteria and edge-on imaging, re- 
vealed that the beginning and end sections 
of the N are of a screw nature gliding on 
{111 } planes while the section in between 
lies on a cubic plane. On the basis of stereo- 
TEM observations [22], Fig. 10 can best be 
interpreted by assuming a glissile part on 
(1i l ) ,  a cross-slipped part on (001) oriented 
along [010] and a part which has climbed to- 
wards (111). These three main sections are 
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indicated separately in Fig. 10. The reaction 
is that of a double~cross-slip mechanism, 
plausibly due to constriction-dissociation of 
the super pairs at the ~/'T interface. Unfor- 
tunately, the V' precipitates could not be 
visualized at all because of heavy deforma- 
tion. The superlattice (100) and (110) spot 
had hardly any intensity left. It is physically 
plausible that the configuration of the super- 
lattice dislocation is strongly influenced by 
the sheared ~/' particles. Nevertheless we mea- 
sured the distance d between the dislocations 
on ( l i l )  determined from Fig. 10 to be 3.5 
nm. The formula 
pb 2 
EAp B ----- K - -  
21rd 
with K = 1 for a screw dislocation, ~ - 
66.66 GPa and I b [ = 0.25 nm results in 
EAps {111} = 189 mJ m -2. For the parts in 
an edge orientation on {100}, a dissociation 
of 9.1 nm at maximum (Fig. 10) is found, 
leading to an APB energy on {100} of 104 
mJ m -2. It should be emphasized that these 
are extreme values since internal stresses 
might change the values obtained for the 
APB considerably. For instance, recently, 
Veyssi~re [ 18] reported avalue of 140 mJ 
m -2 for the APB energy on {100} in poly- 
crystalline NisA1. Although the separations 
of the superlattice dislocation may be affect~ 
ed by these stresses, the influence is assumed 
to be smaller when the ratio of the APB 
energy on {111} to that on {100} is con- 
sidered: 
E{10o} _ W(2)31/2 
- -  - 0.55 
E{111 } W (I) 
where W (t) represents the ordering energy at 
the ith nearest neighbouring distance. This 
ratio together with the experimental findings 
that W (1) < 0 and W (2) > 0 predict a stable 
L12 structure [19, 20]. 
The observations (Fig. 10) suggest that a 
continuous transition from (1 i l )  to (001) 
occurs. Our findings in L12 precipitation- 
strengthened material are analogous to the 
experimental results obtained by Veyssi~re 
[18] and Veyssi~re t  al. [21] in polycrystal- 
line NisA1 as far as the climb process towards 
{001} is concerned. It is not clear yet whether 
this temperature strengthening process due to 
climb dissociation plays an important role in 
the mechanical behaviour of the superalloy 
under investigation. 
4. CONCLUSIONS 
Possible configurations of dislocations in 
the L12 ordered alloy Cu2NiZn and in the 
nickel-base superalloy containing L12 ordered 
precipitates have been investigated. From the 
observed istances between (110) super- 
lattice dislocation, values of the APB energy 
have been calculated. Twofold dissociation of 
a superlattice dislocation in Cu2NiZn is more 
likely than fourfold dissociation, provided that 
the complex stacking fault energy is about 
the sum of the APB energy and the stacking 
fault energy. Superlattice dislocation dipoles 
are not very reliable for the determination of
the APB energy and probably also not for the 
determination of internal stresses. In Cu2NiZn 
quenched from above the critical temperature 
for ordering, the short, range order is destroyed 
after the passage of about seven superlattice 
dislocations instead of one single dislocation. 
In the superalloy under investigation, both 
1< 110) superlattice dislocations and ½ (112 ) 
dislocation pairs are observed, indicating that 
the superlattice intrinsic stacking fault energy 
is comparable with the APB energy. In addi- 
tion to {111} cross-slip behaviour, tempera- 
ture strengthening due to climb dissociation 
onto {100} has been observed. 
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